Increasing importance of doppler echocardiography  by Feigenbaum, Harvey
366 
Editorial Comment 
Increasing Importance of 
Doppler Echocardiography* 
HARVEY FEIGENBAUM, MD, FACC 
Indianapolis, Indiana 
Doppler echocardiography has become an important addi-
tional technique for ultrasonic examination of the heart. 
M-mode echocardiography is an excellent technique for re-
cording the motion of cardiac structures such as valves or 
septae. Two-dimensional echocardiography produces tomo-
graphic images of the heart and great vessels in real time. 
Doppler echocardiography now provides information con-
cerning the blood flow within the cardiovascular system. 
Although Doppler echocardiography is commonly con-
sidered a new development in the field of ultrasonics, it 
antedates many M-mode and two-dimensional techniques 
(1-3). Doppler ultrasound has been used to study peripheral 
vascular disease for many years (4,5). Japanese, European 
and some American investigators (1,3,6,7) have been using 
Doppler ultrasound to examine blood flow in the heart anq 
great vessels for more than 20 years. However, interest in 
using Doppler techniques to examine the heart was very 
limited until the past few years. 
Measuring the pressure drop or gradient across a 
stenotic valve. A major reason for the recent dramatic in-
crease in popularity of Doppler echocardiography is a better 
understanding of how this examination can give clinically 
useful hemodynamic information. That Doppler flow ve-
locities could be used to measure blood flow was no surprise. 
Early investigations (2,6,8) in Doppler ultrasound were spe-
cifically designed to measure blood flow. The more impor-
tant and somewhat less expected development was that Dop-
pler velocities could provide an assessment of intracardiac 
pressures. European investigators (9-11) explored the pos-
sibility of using the Bernoulli equation to convert blood flow 
velocity into a pressure drop or gradient across a stenotic 
valve. Figure 1 demonstrates the principle behind the con-
cept of using Doppler velocities to measure the pressure 
differential across a narrowed area of the cardiovascular 
system. The Bernoulli equation has three components for 
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the determination of a pressure gradient: convective accel-
eration, flow acceleration and viscous friction. One as-
sumption made to reduce the Bernoulli equation for clinical 
use requires eliminating the flow acceleration and viscous 
friction factors from the equation. When assessing the pres-
sure drop (AP) across a small orifice in a pulsatile flow 
system, flow acceleration and viscous friction are apparently 
negligible so that they can be legitimately ignored (12). The 
next major assumption is that the velocity of flow (v) distal 
to an obstruction is considerably greater than the proximal 
velocity. Since the velocities are squared, the difference 
becomes even greater. As a result, the proximal velocity 
can also be removed from the equation. Using these as-
sumptions one can reduce a fairly complicated equation to 
merely AP = 4 X V2 • 
Despite the simplicity of this formula and the great lib-
erties taken with the original equation, there are ample data 
indicating that this approach to measuring a pressure drop 
or gradient seems to be valid. This application has been 
particularly useful in assessing pressure gradients across 
obstructed semilunar valves (11,13-15). In fact, the use of 
this technique to assess the severity of aortic stenosis has 
been a major factor in the growing use of Doppler echo-
cardiography in adult cardiology. 
Measuring the pressure gradient, the regurgitant tri-
cuspid valve and derivation of right ventricular pres-
sure. This application of Doppler echocardiography does 
not need to be limited to recording the pressure differential 
across stenotic valves. As noted by Berger et al. (16) in 
this issue of the Journal, the pressure gradient across a 
regurgitant valve can also be determined. The pressure gra-
dient across an incompetent tricuspid valve provides a way 
to determine right ventricular systolic pressure (17). The 
pressure gradient plus the right atrial pressure should equal 
right ventricular systolic pressure. Because the right atrial 
pressure is relatively low even in patients with right ven-
tricular failure, the pressure gradient alone seems to give a 
reasonable estimate of right ventricular systolic pressure 
(16). If there is no obstruction across the pulmonary outflow 
tract, right ventricular systolic pressure should equal pul-
monary artery systolic pressure. This same approach can be 
used to assess the pressure differential between the two 
ventricles in a patient with a ventricular septal defect. The 
left ventricular systolic pressure can be determined with a 
sphygmomanometer. By subtracting the pressure gradient 
across the septal defect, the right ventricular systolic pres-
sure can be calculated. There are several other situations in 
which this Doppler technique could conceivably determine 
intracardiac pressures. 
Technical considerations. As with all new techniques 
some caution must be exercised. First, the velocities distal 
to an obstructing lesion are usually very high and cannot 
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be detected with pulsed Doppler techniques, The pulse rep-
etition frequency required for pulsing limits the maximal 
velocities that can be recorded with this approach. High 
pulse repetition frequency Doppler method is one possible 
solution to recording high velocities with a pulsed system 
(18), This approach, however, is fairly complex and has 
not had extensive clinical success, The technique that is 
commonly used for recording high velocities is continuous 
wave Doppler examination, With this examination one loses 
the ability to place the Doppler sample at a specific distance 
Figure 2. Doppler equations relating the Doppler frequency (fd ) 
and blood velocity (v). 0 = angle; cos = cosine; fr = received 
frequency; f, = transmitted frequency. (From Feigenbaum H, 
Echocardiography. 4th ed. Philadelphia: Lea & Febiger, in press, 
with permission,) 
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Figure 1. Diagram demonstrating the principles of 
how Doppler echocardiography can measure a pres-
sure drop or gradient across an obstruction utilizing 
a modification of the Bernoulli equation, PI = pres-
sure proximal to an obstruction; P2 = pressure distal 
to an obstruction; V I = velocity proximal to an ob-
struction; V 2 = velocity distal to an obstruction, (From 
Feigenbaum H, Echocardiography, 4th ed, Philadel-
phia: Lea & Febiger, in press, with permission,) 
from the transducer. Continuous wave Doppler examination 
records all of the velocities within the ultrasound beam and 
can be used only when one wants to know the highest 
velocities being transsected by the interrogating ultrasound, 
In addition, continuous wave Doppler examination is fre-
quently performed best with a nonimaging, stand alone 
Figure 3. Graph demonstrating the relation of an angle (0) to the 
cosine (cos) of that angle, (From Feigenbaum H, Echocardiog-
raphy, 4th ed, Philadelphia: Lea & Febiger, in press, with 
permission, ) 
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transducer. Thus, one must learn to search "blindly" for 
the desired Doppler signal. 
The angle between the ultrasound beam and the path of 
the red blood cells giving the Doppler signal is another 
important factor to consider. Figure 2 gives the Doppler 
equations. The Doppler frequency (fd) is essentially the dif-
ference between the reflected (fr) and transmitted (ft) fre-
quencies. To calculate blood velocity (v) one needs to know 
the Doppler frequency, the velocity of sound through the 
medium being examined, the transmitted frequency and the 
cosine of the angle between the path of the red blood cells 
and the path of the ultrasound beam. Figure 3 demonstrates 
the relation between an angle and the cosine of that angle. 
If the angle is less than 20°, then the cosine is very close 
to I, and the angle can be essentially ignored when cal-
culating the velocity. However, if the angle begins to exceed 
20°, then the cosine becomes significantly less than I. If 
the angle is 90°, then the cosine is 0 and velocity cannot 
be determined. Thus, in performing quantitative Doppler 
studies it is important that the angle be as close to 0° as 
possible. 
These technical considerations can be fairly time-con-
suming. Merely knowing how to obtain adequate M-mode 
and two-dimensional echocardiograms will not guarantee 
instant success with Doppler techniques. The examination 
can be somewhat tedious because the examiner must search 
for the highest velocity flow across the desired orifice. One 
cannot always predict the exact location and direction of a 
high velocity jet and must be prepared to search for that jet 
from different acoustic windows. Therefore, it is important 
that one learn the technical details necessary for performing 
the examination and then allow sufficient time to do the test 
correctly. Another potential problem is that the graphic re-
cording of a Doppler examination is not as easily evaluated 
for accuracy as is an M-mode or two-dimensional echocar-
diogram. Thus the examiner has even greater responsibility 
when performing Doppler studies. 
The hemodynamic information provided by Doppler 
echocardiography along with the morphologic data present 
in two-dimensional and M-mode examinations makes echo-
cardiography an increasingly powerful tool in clinical car-
diology. The technical details, however, must be seriously 
noted to make certain that the ultrasound recordings are 
reliable and accurate. 
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